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Two Families of Blocking Semiovals
CHIHIRO SUETAKE
The study of blocking semiovals in finite projective planes was motivated by Batten [1] in con-
nection with cryptography and was begun by Dover [4, 5]. In this note, two new families of blocking
semiovals are constructed in desarguesian planes.
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1. INTRODUCTION
Let 5 = (P,L) be a projective plane. A blocking set in 5 is a set B of points such that for
every line l ∈ L, l ∩ B 6= φ but l is not entirely contained in B. A semioval in 5 is a set S of
points such that for every point P ∈ S there exists a unique line l ∈ L such that l ∩ S = {P}.
The idea of a semioval was introduced in [3] and [8]. A blocking semioval in 5 is a set R of
points which is both a semioval and a blocking set.
Let 5 be a projective plane of order q ≥ 7 and S a blocking semioval in 5. Then 2q + 2 ≤
|S| ≤ q√q + 1. The lower bound was proved by Dover [4] and the upper bound was proved
by Hubaut [6]. The upper bound is met if and only if S is a unital [2].
Dover says that the only families of blocking semiovals that seem to be known are unitals,
vertexless triangles, and the family given by [4, Theorem 4.2] (see Section 3).
Let S be a blocking semioval in a projective plane 5 of order q and xi denote the number
of lines of 5 which meet S in exactly i points. Clearly x0 = 0 and x1 = |S| by the definition
of S. Dover [5] proved that xq = 0 for q > 3. Vertexless triangles and the blocking semiovals
constructed by Dover [4] have the property xq−1 6= 0. Set X (S) = (x1, x2, . . . , xq−1). In
this note we assume S has the property xq−1 6= 0 and construct two families of blocking
semiovals. The first one is a family of blocking semiovals of size 3q − 4 in PG(2, q), where
q ≥ 5. This families contains the family constructed by Dover [4] as a special case. The
second one is a family of blocking semiovals of size 3qe − q − 2 in PG(2, qe), where q ≥ 3
and e ≥ 2.
2. BLOCKING SEMIOVALS WITH xq−1 6= 0
Let 5 = (P,L) be a projective plane of order q ≥ 7. We coordinate 5 using Kallaher’s
method [7, Chapter 2]. Choose four points U , V , W , I , no three of which are collinear. Let R
be a set of symbols of order q with the following two properties:
(1) R contains 0 and 1.
(2) There exists a one-to-one correspondence α between R and the points in W I − (U V ∩
W I ) such that 0α = W , and 1α = I .
Using the set R, 5 is coordinated as follows:
(1) To a point P ∈ W I − (U V ∩W I ) assign the coordinates (b, b), where bα = P .
(2) If P /∈ W I , and P /∈ U V , then assign to P the coordinates (a, b) where PV ∩ W I =
(a, a), and PU ∩W I = (b, b).
(3) If P ∈ U V and P 6= V , then assign to P the coordinate (m), where W P∩ I V = (1,m).
(4) To V assign the coordinate (∞), where∞ is a symbol not in R.
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Thus P = {(x, y)|x, y ∈ R}∪{(a)|a ∈ R∪[∞]}. The line l through the points (m) and (0, k)
is assigned the coordinates [m, k]. The line g through the points (∞) and (k, 0) is assigned
the coordinates [∞, k]. The line h through the points (∞) and (0) is assigned the coordinate
[∞]. Thus L = {[m, k]|m ∈ R ∪ {∞}, k ∈ R} ∪ {[∞]}.
A ternary function F is defined on R as follows: If a,m, k ∈ R, then F(a,m, k) is the
second coordinate of the point (a, 0)V ∩(m)(0, k). Thus [∞] = {(x)|x ∈ R∪{∞}}, [∞, k] =
{(k, y)|y ∈ R} ∪ {(∞)} and [m, k] = {(x, y)|x ∈ R, y = F(x,m, k)} ∪ {(m)} for m, k ∈ R.
LEMMA 2.1 ([7, THEOREM 2.1]). (1) For all a, b, c ∈ RF(0, a, c) = F(b, 0, c) = c
and F(1, a, 0) = F(a, 1, 0) = a.
(2) For a, b, c ∈ R there exists one and only one element z ∈ R such that c = F(a, b, z).
(3) If b, c, b′, c′ ∈ R with b 6= b′, there exists a unique element x ∈ R such that F(x, b, c)
= F(x, b′, c′).
(4) If a, d, a′, d ′ ∈ R with a 6= a′, there exists a unique ordered pair of elements x, y ∈ R
such that F(a, x, y) = d and F(a′, x, y) = d ′.
(5) If b, c, d ∈ R with b 6= 0, there exists a unique element x ∈ R such that F(x, b, c) = d.
(6) If a, c, d ∈ R with a 6= 0, there exists a unique element y ∈ R such that F(a, y, c) = d.
Let S be a blocking semioval in 5 with xq−1 6= 0. Set |S| = 2q − 1 + n. Then, by [4,
Theorem 3.3] 2q + 2 ≤ 2q − 1+ n and, therefore, n ≥ 3.
Since xq−1 6= 0, we may assume that S ⊇ {(x)|x ∈ R, x 6= 0}. Since |S| ≥ 2q + 2, there
exist two points X , Y ∈ S much that no three of the four points X , Y , V , U are collinear.
Therefore, we may assume that W , I ∈ S. Since the remaining lines [∞, a] = {(a, y)|y ∈
R}∪ {(∞)} through (∞)must also intersect S, there exists a mapping f : R 3 x 7−→ f (x) ∈
R such that {(x, f (x))|x ∈ R} ⊆ S. Thus
S = {(x, f (x))|x ∈ R} ∪ {(y)|y ∈ R∗ = R − {0}} ∪ {(ai , bi )|1 ≤ i ≤ n} (∗)
for some ai , bi ∈ R(1 ≤ i ≤ n), where (ai , bi ) 6= (a j , b j ), 1 ≤ i 6= j ≤ n and f (ai ) 6= bi ,
1 ≤ i ≤ n. Since W , I ∈ S, we may assume
f (0) = 0 and f (1) = (1). (∗∗)
In the rest of this section we consider a point set S of 5 of size 2q − 1 + n satisfying the
conditions (∗) and (∗∗).
LEMMA 2.2. Suppose S contains no line of 5. Then S is a blocking set if and only if for
any b ∈ R − {b1, b2, . . . , bn}, there exists a ∈ R such that f (a) = b.
PROOF. S is a blocking set
⇐⇒ Every affine line through (0) intersects S.
⇐⇒ [0, b] ∩ S 6= φ for all b ∈ R. 2
We remark that for a ∈ R∗, the lines through (a) are [a, b] = {(x, F(x, a, b))|x ∈ R} ∪
{(a)}. Since [0, b] = {(x, b)|x ∈ R} ∪ {(0)}, the statement is proved by Lemma 2.1 (1).
LEMMA 2.3. S is a semioval if and only if the following hold.
(1) For any a ∈ R∗, there exists a unique element b ∈ R such that f x) 6= F(x, a, b) for
all x ∈ R and F(ai , a, b) 6= bi for all i ∈ {1, 2, . . . , n}.
(2) If (x, bi ) ∈ {(a1, b1), . . . , (an, bn)} then x = ai .
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(3) bi /∈ { f (x)|x ∈ R} for all i ∈ {1, 2, . . . , n}.
(4) f (ai ) /∈ { f (x)|x ∈ R(6= ai )} for all i ∈ {1, 2, . . . , n}.
(5) If a ∈ R − {a1, a2, . . . , an}, then there exists x ∈ R(x 6= a) such that f (x) = f (a).
PROOF. S is a semioval if and only if the following (α), (β) and (γ ) hold.
(α) For any a ∈ R∗ there exists a unique element b ∈ R such that (x, F(x, a, b)) 6=
(y, f (y)), (ai , bi ) for all x , y ∈ R and all i ∈ {1, 2, . . . , n}.
(β) For any i ∈ {1, 2, . . . , n}
|{(x, bi )|x ∈ R} ∩ S| = 1, |{(ai , x)|x ∈ R} ∩ S| 6= 1 or
|{(x, bi )|x ∈ R} ∩ S| 6= 1, |{(ai , x)|x ∈ R} ∩ S| = 1.
(γ ) For any a ∈ R
|{(a, x)|x ∈ R} ∩ S| = 1, |{(x, f (a))|x ∈ R} ∩ S| 6= 1 or
|{(a, x)|x ∈ R} ∩ S| 6= 1, |{(x, f (a))|x ∈ R} ∩ S| = 1.
(α) is equivalent to (1) of the statement. By the definition of S, the latter case of (β) does
not occur. Therefore,
(β) ⇐⇒ |{(x, bi )|x ∈ R} ∩ S| = 1 for all i ∈ {1, 2, . . . , n}
⇐⇒ (2) and (3) of the statement.
(γ ) ⇐⇒ Let a ∈ R. If a 6= a1, a2, . . . , an , then there exists x ∈ R(x 6= a) such that f (a) =
f (x), or f (a) ∈ {b1, b2, . . . , bn}. If a ∈ {a1, a2, . . . , an}, then f (a) /∈ { f (x)|x ∈
R(x 6= a)} ∪ {b1, b2, . . . , bn}.
Thus,
(β) and (γ )⇐⇒ (2), (3), (4) and (5). 2
Since a semioval does not contain any line of 5 [5, Proposition 2.1], the next theorem
follows from Lemmas 2.2 and 2.3.
THEOREM 2.4. S is a blocking semioval if and only if the following hold.
(1) For any a ∈ R∗, there exists a unique element b ∈ R such that f (x) 6= F(x, a, b) for
all x ∈ R and F(ai , a, b) 6= bi for all i ∈ {1, 2, . . . , n}.
(2) b1, b2, . . . , bn are pairwise distinct.
(3) R 3 x 7→ f (x) ∈ R − {b1, b2, . . . , bn} is a surjection.
(4) If f (ai ) = f (x), then x = ai .
(5) If a ∈ R(a 6= a1, a2, . . . , an), then there exits x ∈ R(x 6= a) such that f (a) = f (x).
The following Lemma 2.5 and Theorem 2.8 are the results obtained by Dover [4, 5], but we
give other proof of these results.
LEMMA 2.5. 2q + 2 ≤ |S| ≤ 3q − 3.
PROOF. Theorem 2.4 (2) and (3) yield n ≤ q − 1. Assume that n = q − 1. Then f is a
constant mapping. Therefore, for a ∈ R∗ and b ∈ R there exists x ∈ R such that f (x) =
F(a, x, b) by Lemma 2.1 (4). This contradicts Theorem 2.4 (1) and, therefore, n ≤ q − 2.
Hence |S| = 2q − 1+ n ≤ 3q − 3. 2
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LEMMA 2.6. Let l(n) be the number of distinct elements in {a1, a2, . . . , an}. Then q ≤
l(n)+ 2n.
PROOF. By Theorem 2.4 (4), if f (ai ) = f (a j ), then ai = a j . By Theorem 2.4 (3), (4) and
(5), R = f (R) ∪ {b1, b2, . . . , bn} = { f (x)|x ∈ R, x 6= ai (i = 1, 2, . . . , n)} ∪ { f (ai )|i =
1, 2, . . . , n} ∪ {b1, b2, . . . , bn}, where the right-hand side of the equality is a disjoint union.
From this and Theorem 2.4 (2), it follows that q ≤ 12 (q−l(n))+l(n)+n. Hence q ≤ l(n)+2n.
2
Lemma 2.6 yields the following.
LEMMA 2.7. q ≤ 3n.
THEOREM 2.8. Let 5 be a projective plane of order q ≥ 7 and S a blocking semioval in
5 with xq−1 6= 0. Then 73 q − 1 ≤ |S| ≤ 3q − 3 and the upper bound is met if and only if S is
a vertexless triangle.
PROOF. Since n = |S| − 2q + 1, by Lemma 2.7 q ≤ 3|S| − 6q + 3. This inequality and
Lemma 2.5 yield 73 q − 1 ≤ |S| ≤ 3q − 3.
Suppose that |S| = 3q − 3. Then n = q − 2. The mapping f satisfying Theorem 2.4 (2),
(3) and (4) is described as follows:
f (a1) = bq−1 and f (x) = bq for x ∈ R − {a1}, where a1 is a fixed element of R and
R = {b1, b2, . . . , bq}. Here we remark that a1 = a2 = · · · = aq−2.
Actually the mapping f satisfies the condition (1) of Theorem 2.4. The blocking semioval
corresponding to the mapping f is {(a1, bq−1)} ∪ {(x, bq)|x ∈ R − {a1}} ∪ {(x)|x ∈ R∗} ∪
{(a1, b1), (a1, b2), . . . , (a1, bq−2)}, which is a vertexless triangle. 2
REMARK 2.9. Let 5 = PG(2, q) = (P,L). The following statements hold:
(1) F(x, a, b) = xa+b for x, a, b ∈ G F(q) and (a, b), (c), (∞) correspond to [1, a, b] =
{(x, ax, bx)|x ∈ G F(q)}, [0, 1, c] = {(0, x, cx)|x ∈ G F(q)}, [0, 0, 1] = {(0, 0, x)|
x ∈ G F(q)}, respectively.
(2) Theorem 2.4 (1) is equivalent to |{ f (x)−xa|x ∈ G F(q)}∪{bi−ai a|i = 1, 2, . . . , n}| =
q − 1(a ∈ G F(q)∗).
(3) Let S be a blocking semioval defined by (∗) and l(n) be the number of distinct elements
among a1, . . . , an . Then |{l ∈ L|[0, 0, 1] ∈ l, |l ∩ S| = 1}| − q = l(n) and |{l ∈
L|[0, 1, 0] ∈ l, |l∩S| = 1}| = n+l(n). Since there is a collineation which interchanges
[0, 0, 1] and [0, 1, 0], we may assume that q − l(n) ≤ n + l(n), (q − l(n) ≥ n + l(n)),
that is 12 (q − n) ≤ l(n),
( 1
2 (q − n) ≥ l(n)
)
, if necessary.
3. BLOCKING SEMIOVALS CONSTRUCTED BY DOVER
DEFINITION 3.1 ([4, DEFINITION 4.1]). In a projective plane 5 (finite or infinite), let
ABC , and A′B ′C ′ be two vertex-disjoint nondegenerate triangles in perspective from a point
O . Set N = AB ∩ A′B ′, L = BC ∩ B ′C ′ and M = O B ∩ L N . Assume that N ∈ OC and
L ∈ O A. Set 1 = {O, A, B,C, A′, B ′,C ′, L ,M, N }. If AC ∩ A′C ′ = M , we say 1 is an
even configuration. If AC ′ ∩ A′C = M , we say 1 is an odd configuration.
THEOREM 3.2 ([4, THEOREM 4.2]). Let 5 be a projective plane of order q, with q ≥ 5.
If 5 contains an even or odd configuration 1 = {O, A, B,C, A′, B ′,C ′, L ,M, N } (we
use the notation of Definition 3.1), then S = {B, B ′} ∪ {X |X ∈ O L ∪ O N ∪ L N , X 6=
L ,M, N , O,C,C ′} is a blocking semioval of size 3q − 4.
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COROLLARY 3.3. If q ≥ 8, then X (S) = (3q − 4, 3q − 6, q2 − 7q + 14, 2q − 6, 0, . . . ,
0, 1, 1, 1).
PROOF. If Y is a point of 5, then let xi (Y ) denote the number of lines of 5 through the
point Y which meet S in exactly i points. Then, x1(O) = q − 2, x2(O) = 1, xq−3(O) = 1,
xq−1(O) = 1, x1(L) = q − 1, xq−2(L) = 1, x1(A) = x1(A′) = 1, x2(A) = x2(A′) = 2,
x3(A) = x3(A′) = q − 4 and x4(A) = x4(A′) = 1. Set P = B ′C ∩ O A, P ′ = BC ′ ∩ O A.
Then, x1(P) = x1(P ′) = 1, x2(P) = x2(P ′) = 2, x3(P) = x3(P ′) = q − 4, x4(P) =
x4(P ′) = 1. If Z is a point on the line O A, except O , L , A, A′, P , P ′, then x1(Z) = 1,
x2(Z) = 3, x3(Z) = q − 6 and x4(Z) = 2. For example, x3 = x3(A) + x3(A′) + (q −
5)x3(Z) + x3(P) + x3(P ′) = 2(q − 4) + (q − 5)(q − 6) + 2(q − 4) = q2 − 7q + 14. By
similar arguments, we also obtain the other xi . 2
4. A FAMILY OF BLOCKING SEMIOVALS OF SIZE 3q − 4
LEMMA 4.1. Let q be a prime power (even or odd), with q ≥ 7. Let 8 be a subset of
G F(q)∗ = G F(q)−{0} such that 2 ≤ |8| ≤ q − 3 and −8 = 8. Choose an element s from
G F(q) − {0, 1}, where s = −1, if q is odd. Set  = G F(q) − {0, 1, s} = {b1, b2, . . . , bn}
and a1 = a2 = · · · = an = 0. Furthermore, let f be a mapping from G F(q) to G F(q) such
that
f (x) =
{ 0 if x = 0,
1 if x ∈ 8,
s otherwise.
Then, {(a1, b1), . . . , (an, bn)} and the mapping f satisfy the conditions (1), . . . , (5) of Theo-
rem 2.4.
PROOF. It is clear that {(a1, b1), . . . , (an, bn)} and f satisfy (2), (3), (4) and (5) of The-
orem 2.4. Therefore, we only show that {(a1, b1), . . . , (an, bn)} and f satisfy (1) of The-
orem 2.4, that is, |{ f (x) − xa|x ∈ G F(q)} ∪ {bi − ai a|i = 1, 2, . . . , n}| = q − 1 for
a ∈ G F(q)∗. Set 1 = { f (x)− xa|x ∈ G F(q)} ∪ {bi − ai a|i = 1, 2, . . . , n}. Then, from the
definitions of (ai , bi ) and f , it follows that1 = {0}∪{1−xa|x ∈ 8}∪{s−xa|x /∈ 8∪{0}}∪.
Therefore, |1| = q, q − 1, q − 2.
Assume that q is odd. Then 1 /∈ {1− xa|x ∈ 8} and−1 /∈ {−1− xa|x /∈ 8∪{0}}. Suppose
that |1| = q . Then −1 ∈ {1 − xa|x ∈ 8} and 1 ∈ {−1 − xa|x ∈ 8 ∪ {0}}. These yield
2
a
∈ 8 and − 2
a
/∈ 8. This contradicts the definition of 8, Next, suppose that |1| = q − 2.
Then−1 /∈ {1− xa|x ∈ 8} and 1 /∈ {−1− xa|x /∈ 8∪{0}}. These yield 2
a
/∈ 8 and− 2
a
∈ 8.
This again contradicts the definition of 8. Hence, we obtain |1| = q − 1.
Assume that q is even. Then 1 /∈ {1+xa|x ∈ 8} and s /∈ {s+xa|x /∈ 8∪{0}}. Suppose that
|1| = q . Then s ∈ {1+ xa|x ∈ 8} and 1 ∈ {s + xa|x /∈ 8 ∪ {0}}. These yield s+1
a
∈ 8 and
s+1
a
/∈ 8. This is a contradiction. Next suppose that |1| = q − 2. Then s /∈ {1 + xa|x ∈ 8}
and 1 /∈ {s + xa|x /∈ 8 ∪ {0}}. These yield s+1
a
/∈ G F(q)∗ and, therefore, s = 1. This is a
contradiction. Hence we obtain |1| = q − 1. 2
From Theorem 2.4 and Lemma 4.1 the next result follows.
THEOREM 4.2. Let q be a prime power (even or odd), with q ≥ 7. Let 8 be a subset of
G F(q)∗ such that 2 ≤ |8| ≤ q−3 and−8 = 8. Choose an element s from G F(q)−{0, 1},
where s = −1, if q is odd. Then S8 = {(x)|x ∈ G F(q)∗} ∪ {(0, 0)} ∪ {(x, 1)|x ∈ 8} ∪
{(x, s)|x ∈ G F(q)∗ − 8} ∪ {(0, x)|x ∈ G F(q) − {0, 1, s}} is a blocking semioval of size
3q − 4 in PG(2, q) with xq−1−|8| 6= 0. In particular, if |8| = 2, then S8 is a blocking
semioval constructed by Dover [4].
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EXAMPLE 4.3. Let q be a prime power with q ≥ 11. Let 8 be a subset of G F(q)∗ such
that |8| = 4 and −8 = 8. Then S8 is a blocking semioval in PG(2, q), which is different
from the blocking semiovals constructed by Dover [4].
PROOF. Since xq−1−|8| = xq−5 6= 0, S8 is different from Dover’s blocking semiovals by
Corollary 3.3. 2
5. A FAMILY OF BLOCKING SEMIOVALS OF SIZE 3qe − q − 2
LEMMA 5.1. Let K = G F(q) be the subfield of order q of L = G F(qe), where q is
a prime power with q ≥ 3 and e ≥ 2. Consider a partition of L∗ − L − {0} into q distinct
subsetsα , indexed by α ∈ K , each of which is closed under the multiplication by K ∗. Choose
an arbitrary element s in L − K . Denote the elements of the subset 8 := L − ({s} ∪ K ) by
b1, . . . , bn , where n = |8| = qe − 1− q, and set a1 = · · · = an = 0. Define the map f of L
into itself by
f (x) =
{
s if x = 0,
α if x ∈ α .
Then, {(a1, b1), (a2, b2), . . . , (an, bn)} and the mapping f satisfy the conditions (1), . . . , (5)
of Theorem 2.4.
PROOF. It is clear that {(a1, b1), . . . , (an, bn)} and f satisfy (2), (3), (4) and (5) of The-
orem 2.4. Therefore, we only show that {a1, b1), . . . , (an, bn)} and f satisfy (1) of Theo-
rem 2.4, that is, |{ f (x)− xa|x ∈ L} ∪ {bi − ai a|i = 1, 2, . . . , n}| = qe − 1 for a ∈ L∗. Set
1 = { f (x) − xa|x ∈ L} ∪ {bi − ai a|i = 1, 2, . . . , n}. Then, from the definitions of (ai , bi )
and f , it follows that1 = (⋃α∈K {α− ax |x ∈ α})∪ {s} ∪8. Set8α = {α− ax |x ∈ α}.
Clearly α /∈ 8α for all α ∈ K . Let β ∈ K . Then,
β ∈ 8α ⇐⇒ α − β
a
∈ α ⇐⇒ 1
a
∈ α.
This yields
∣∣⋃
α∈K 8α
∣∣ = q − 1 and thus |1| = qe − 1.
Let t be a generator of the multiplicative group G F(qe)∗ and K = {α1, α2, . . . , αq}. For
example, set αi = {βt i |β ⊂ K ∗} for i ⊂ {1, 2, . . . , q − 1} and the sets αq = L∗ −⋃
1≤i≤q−1αi . Then, sets α(α ∈ G F(q)) satisfy the condition stated in Lemma 5.1. 2
From Theorem 2.4 and Lemma 5.1 the next result follows.
THEOREM 5.2. Let q be a prime power with q ≥ 3. Let L = G F(qe) and K = G F(q)
the subfield of order q of L, where e ≥ 2. Let α be nonempty subsets of L∗ satisfying the
condition stated in Lemma 5.1. Choose an arbitrary element s from L − K and set 8 =
L− ({s} ∪ K ). Then S = {(x)|x ∈ L∗} ∪ (⋃α∈K {(x, α)|x ∈ α})∪ {(0, s)} ∪ {(0, x)|x ∈ 8}
is a blocking semioval of size 3qe − q − 2 in a PG(2, qe).
6. BLOCKING SEMIOVALS WITH xq−1 6= 0 IN DESARGUESIAN PLANES OF ORDER
q(= 7, 8, 9, 11)
In this section we determine all blocking semiovals in PG(2, q)with the property xq−1 6= 0
for q ∈ {7, 8, 9, 11}. Let S be a blocking semioval in PG(2, q) with xq−1 6= 0, where
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q ∈ {7, 8, 9, 11}. Then 73 q − 1 ≤ |S| ≤ 3q − 3 by Theorem 2.8. The blocking semiovals
were completely determined with this property using Theorem 2.4, and Turbo Pascal. Here
we summarize the results of the computations.
THEOREM 6.1. Let S be a blocking semioval in PG(2, 7) with x6 6= 0. The following hold:
(1) |S| = 16, 17 or 18.
(2) If |S| = 16, then X (S) = (16, 24, 9, 4, 3, 1) and for example S = {(x)|x ∈ G F(7)∗} ∪
{(0, 2), (0, 3), (0, 4), (0, 0), (1, 1), (3, 1), (2, 6), (6, 6), (4, 5), (5, 5)}.
(3) If |S| = 17, then S is a blocking semioval constructed by Dover [4] or Theorem 4.2. If S
is a blocking semioval constructed by Theorem 4.2, then X (S) = (17, 15, 14, 9, 1, 1).
(4) If |S| = 18, then S is a vertexless triangle.
THEOREM 6.2. Let S be a blocking semiovals in PG(2, 8) with x7 6= 0. The following
fold:
(1) |S| = 20 or 21.
(2) If |S| = 20, then S is a blocking semioval constructed by Dover [4] or Theorem 4.2. If
S is a blocking semioval constructed by Theorem 4.2, then X (S) = (20, 19, 19, 13, 0,
1, 1).
(3) If |S| = 21, then S is a vertexless triangle.
THEOREM 6.3. Let S be a blocking semioval in PG(2, 9) with x8 6= 0. The following hold:
(1) |S| = 22, 23 or 24.
(2) If |S| = 22, then S is a blocking semioval constructed by Theorem 5.2 and X (S) =
(22, 34, 20, 9, 4, 1, 0, 1).
(3) If |S| = 23, then S is a blocking semioval constructed by Dover [4] or Theorem 4.2. If S
is a blocking semioval constructed by Theorem 4.2, then X (S) = (23, 24, 24, 18, 0, 0,
1, 1).
(4) If |S| = 24, then S is a vertexless triangle.
THEOREM 6.4. Let S be a blocking semioval in PG(2, 11) with x10 6= 0. The following
hold:
(1) |S| = 26, 29 or 30.
(2) If |S| = 26, then X (S) = (26, 70, 20, 10, 0, 6, 0, 0, 0, 1) and for example S = {(x)|x ∈
G F(11)∗} ∪ {(0, 0), (1, 1), (2, 4), (4, 10), (7, 8), (3, 6), (5, 6), (6, 6), (8, 6), (9, 6),
(10, 6), (0, 5), (1, 9), (2, 2), (4, 3), (7, 7)}.
(3) If |S| = 29, then S is a blocking semioval constructed by Dover [4] or Theorem 4.2. If S
is a blocking semioval constructed by Theorem 4.2, then X (S) = (29, 35, 40, 25, 2, 0,
0, 0, 1, 1).
(4) If |S| = 30, then S is a vertexless triangle.
In Sections 4, 5 and 6 we only considered blocking semioval in desarguesian planes. How-
ever, since most of the results in Section 2 were obtained in any plane coordinated by a ternary
ring, it would be interesting to examine some small nondesarguesian planes.
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